Experimental studies of fast electron generation in laser-produced plasmas at 1.06, 0.53 and 0.26 µm laser wavelength. Journal de Physique, 1982, 43 (7) Abstract. 2014 We present experimental results on fast electron generation in laser-produced plasmas at 1.06, 0.53 and 0.26 03BCm at laser intensities between 1014 and 2 x 1015 W/cm2. Hard X-ray and ion-collector data are in good agreement and indicate a hot temperature given by TH = 4 x 10-7 (I03BB2/W.03BCm2.cm-2)0.5 keV.
HAL Id: jpa-00209479 https://hal.archives-ouvertes.fr/jpa-00209479
Submitted on 1 Jan 1982
HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés.
Experimental studies of fast electron generation in laser-produced plasmas at 1.06, 0.53 and 0.26 03BCm laser wavelength (*) F. Amiranoff [1, 2] or parametric instabilities [3] . These electrons can reach a typical energy of several tens of keV and are able to penetrate deeply in solid material, giving rise to some pusher and target core preheating and impairing the achievement of ablative compressions.
Numerical simulations of hot electron generation by resonance absorption [1, 2] predict an important decrease of their average energy when using short wavelength lasers. Many experimental results on X-ray spectra have been obtained in different laboratories at 1.06 [4] [5] [6] [7] [8] [9] [10] , 10.6 [8, [11] [12] [13] and 0.69 [14] The two diagnostics used are a continuum X-ray multi-channel analyser and charge collectors located in front of the target to detect the fast ion emission.
The 10 X-ray channels based on the absorbing foil method [16] respectively for short and long pulses at 1.06 pm. As seen on figure 1 the sharp maximum of the hard X-ray signal corresponds to a dip of the soft X-rays not correlated with a decrease of the absorption [151. A clear understanding of this dip appearing only with short pulse at 1.06 pm cannot be given at present. We think that it depends on detailed variations of the focal spot and the resulting plasma temperature. The strong modification of longitudinal transport due to large fast electrons lateral transport may also play a role.
The same evolution is observed for the ionic emission. The quantity of fast and slow ions received by a charge collector 300 from the target normal is plotted figure 3 . The hot electron temperature deduced from those fast ion signals is plotted in figure 4 .
The hot electron temperature determination is also performed through analysis of hard X-ray spectra at different intensities and wavelengths. Because the hard X-ray amplitude decreases very rapidly at low flux or short wavelength, the temperature is deduced from the slope of the spectrum between 15 and 60 keV at 1.06 gm and intensities greater than 5 x 1014 W/cm2, between 15 and 40 keV for lower intensities and for À = 0.53 Ilm. At A = 0.26 pm the last useful channel being the seventh (E rr 15 keV), the result was correlated with results given by another method described later. Figure 5 summarizes the results. The three major conclusions are the following : 1) Hot electron temperature is strongly reduced when using low intensities or short wavelengths.
2) The temperature does not seem to depend on the pulse duration. This is probably explained by the fact that absorption, even classical, still takes place near the critical density at 2.5 ns. Consequently the density profile modification will be comparable in long and short pulse regime.
3) An experimental law can be extracted from the results and a good fit to the data of figure 5 is with I in W/cm2 and A in pm.
Typical spectra obtained at 1.06 pm in short pulse are plotted in figure 6 . The slope of the soft part of the spectrum (E rr 1 to 3 keV) is characteristic of a « temperature » of 300 ± 50 eV which does not depend -or very slowly -on the incident flux. Showing that the total X-ray emission of a fast electron does not depend on its detailed path in the plasma, Brueckner derives a formula giving the energy in fast electrons from the amount of hard X-rays emitted [18] . From our spectra we find 5 % to 20 % of the absorbed energy in fast electrons using short pulse at 1.06 pm and about 2 % using long pulses. figure 8 . The different curves are theoretical estimates where the X-ray spectrum used to compute the signal of the channel is defined by two conditions. First the temperature (slope) of the spectrum is supposed to follow a law T H = a(IA2), where a is constant and a is an adjustable parameter. Secondly its amplitude is fixed by the condition that the energy in the fast electrons emitting this spectrum is the same fraction of the incident energy at the three wavelengths. Taking reference [8] figure 8 that the best fit is obtained for a rr 0.45 -which is the experimental value for 1.06 pm and 0.53 pm (see Fig. 5 figure 8 where the total variation of the normalized signal is four orders of magnitude, that a change of a factor 2 or 3 in the second condition -allowing for instance less energy in fast electrons at 0.27 J.lm -would not change very much the best value of a and then the extimated temperature.
These results obtained from X-ray spectra are well correlated with the study of fast ions emitted from the plasma. The deconvolution of charge collector signals with a two-temperature isothermal expansion model gives a hot electron temperature which compares well with the preceding results. Figure 9 shows this compa- [19] . Simulations of resonant absorption show two different regimes. In the « cold dynamics » regime [20] where VO/ve 1 -vo is the quiver velocity of an electron in the vacuum laser field and ve is the thermal electron velocity -a is 2/3 as in the previous case. In the « hot dynamics » regime [1, 2] 
